Background: Ankle fusion is difficult to achieve in the diabetic Charcot ankle Brodsky type 3a because of the poor quality of the bone and the inability to achieve a stable biomechanical construct. The aim of this study was to report the outcome of ankle fusion using a combination of an intramedullary nail and a circular external fixator in patients with diabetic Charcot arthropathy. Methods: We prospectively studied 24 patients with diabetic Charcot arthropathy of the ankle who were treated by fusion of the tibiotalar joint using a combined retrograde intramedullary nail and Ilizarov external fixator. Their mean age was 50.7 ± 6.9 (range, 43-62) years. The mean follow-up after surgery was 36.4 ± 5.8 (range, 24-98) months.
Introduction
Ankle arthrodesis is a salvage procedure for patients with diabetic Charcot arthropathy of the ankle. Progressive deformity that is difficult to control and severe ulceration leading to infection or possible amputation are likely to occur in the diabetic Charcot ankle. Many methods of internal and/or external fixation have been described in the literature to achieve ankle fusion. Multiple screw fixation only 1, 18 or plating either with a blade plate or T-plate has been used for fixation. 6, 12 Most common fixation methods used include intramedullary (IM) retrograde nail and the use of circular external fixation. 10 There is a lack of consensus regarding which of these fixation methods is most efficacious and most appropriate.* A ring fixator allows for dynamic axial fixation that maintains bone contact without additional bone grafting and also offers circumferential mechanical control that allows postoperative adjustments. 36 Furthermore, it obviates the need for a cast, and this allows complete access to the soft tissue envelope to monitor swelling and ulcer recurrence. 32 Disadvantages of a ring fixator include pin tract infection, risk of tibial fracture, and the need for a second procedure for removal. 26, 32 The advantages of IM nailing include maintenance of alignment, length, and stability. 27 It also provides a stiff construct for tibiotalocalcaneal (TTC) fusion. 36 The continuous compression of external fixation supplementing the greater rigidity of internal fixation would combine the specific advantages of each and could improve the incidence of bony union and lead to higher rates of salvage. 7, 10, 37 Few studies focus on the use of combined internal and external fixation for the Charcot ankle. 10, 19, 20, 37 To our knowledge, only 1 study has described the use of an IM nail combined with the use of a circular external fixator for 7 patients with Charcot ankle deformity and concluded it may add extra stability to the construct. The aim of this study was to report the outcome of ankle fusion using a combination of an IM nail and a circular external fixator in patients with diabetic Charcot arthropathy.
Materials and Methods
In the period from January 2010 to December 2015, a series of 24 patients with diabetic Charcot arthropathy of the ankle were treated in our university hospitals by fusion of the tibiotalar joint using combined retrograde IM nail and Ilizarov external fixator. All the patients were referred from the Diabetic Foot Unit in the internal medicine department that usually manages diabetic foot patients conservatively and manages its complications either directly or by referring to the relevant specialty. Patients' approval was obtained through a written consent after detailed description of the procedure. Ethical committee approval was obtained for this prospective study. There were 17 women and 7 men. Their mean age was 50.7 ± 6.9 (range, 43-62) years.
The criteria for inclusion in this prospective series were patients with an established diagnosis of diabetic Charcot arthropathy with involvement of ankle (Brodsky type 3a). Patients were in the chronic Charcot stage and had axial malalignment, ulcer, and/or severe instability of the ankle. The criteria of exclusion were diabetic patients with Charcot arthropathy who had involvement of the forefoot, midfoot, or subtalar joints; patients with acute Charcot stage; and the presence of active infection or vascular insufficiency.
Our study included 15 patients with ankle fractures (Figure 1 ) and 9 patients with a history of multiple ankle sprains. Five patients had ulcers over the lateral malleolus ( Figure 1C ). At the time of presentation, all these patients presented with an unstable ankle. The 9 patients with multiple ankle sprains in addition to 10 of the 15 patients with ankle fracture were properly diagnosed initially as having acute Charcot arthropathy due to the presence of marked redness, swelling, and warmth in absence of infection. Those 19 patients were initially managed medically and by using a total contact cast (TCC) in the Diabetic Foot Unit in the internal medicine department until the swelling and temperature difference returned to normal. Patients were then referred to our Foot and Ankle Surgery Unit for definitive fusion according to our combined protocol for management of such cases.
Results were assessed both clinically and radiologically. All patients were assessed preoperatively and at the time of the last follow-up using the clinical rating system of the American Orthopaedic Foot & Ankle Society (AOFAS) scores. Preoperative standing (if possible) anteroposterior (AP) and lateral plain radiographs of the ankle and feet were obtained.
Operative Technique
Without using a tourniquet, a lateral approach was made to expose the fibula. If there was an ulcer on the lateral aspect of the ankle, an oval incision was made to excise it and to include the sinus track down to the ankle joint. The fibula was mobilized by oblique osteotomy, exposing the ankle joint. Debridement to viable bleeding bone was performed in the ankle joint, but the subtalar joint was not formally prepared. The foot was then aligned in neutral in the sagittal and coronal planes and in external rotation equal to the contralateral side. Under fluoroscopic control, the guidewire was placed, the bone was drilled, and a retrograde nail was inserted through the calcaneus into the tibia. The surgery was performed with a proximally curved nail designed for use in the tibia (classic tibial nail; Smith & Nephew, Memphis, USA). By using fluoroscopy, the end of the nail was impacted flush with the plantar surface of the calcaneus and was then locked only proximally.
The Ilizarov frame was then placed. The tibial component was first applied in the form of 2 rings followed by Postoperatively, pin care instruction (using normal saline solution 3 times a day) was advised. Broad-spectrum antibiotics (anti-methicillin-resistant Staphylococcus aureus [MRSA]) were started 1 day before surgery while waiting for the outcome of culture and sensitivity tests from the sinus tract or the deep tissues. With positive cultures, appropriate intravenous (IV) antibiotics were given for 2 weeks followed by appropriate oral antibiotic for another 4 weeks. Patients with negative cultures (patients without ulcers) were given anti-MRSA IV antibiotics for 5 days starting 1 day preoperatively followed by 10 days of oral antibiotics.
Sutures were removed at 3 weeks. Immediate postoperative x-rays and x-rays at 3 weeks were obtained to assess the posterior contact between the tibia and talus to see whether further compression was needed. Follow-up was performed every month to assess whether more posterior compression was needed. After 3 months, the Ilizarov frame was removed (except for 2 patients who developed deep pin tract infection), and the patients were allowed to start partial weightbearing. After another 6 weeks, full weightbearing was allowed with a walker. The mean follow-up after surgery was 36.4 ± 5.8 (range, 24-98) months.
Statistical Analysis
Data were analyzed using SPSS (Statistical Package for Social Science) version 16 (SPSS, Inc, an IBM Company, Chicago, IL). Qualitative variables were presented as numbers and percentages. Quantitative variables were presented as mean ± standard deviation (SD) and analyzed using paired-samples t test. The level of significance was set at P values of less than .05.
Results
Twenty-two patients (91.7%) achieved clinical and radiographic solid bony fusion in a neutrally aligned plantigrade foot and were ambulatory at the final follow-up with a regular or custom shoe (Figure 3) . Two patients had talar collapse with a heel ulcer secondary to a prominent nail (Figure 4) . The ulcer healed after nail removal. Both patients developed stable nonunion and required ankle foot orthoses. None of our patients needed amputation.
Eight patients developed pin tract infections. Superficial pin tract infection occurred in 6 feet and was controlled with local antibiotics and frequent pin care. Two cases developed deep infection at 8 and 10 weeks postoperatively. Infection was controlled in both cases by drainage, removal of the external fixator, repeated dressing, and antibiotic treatment according to culture taken from the wound.
At the last follow-up, none of the patients included in the study experienced ankle pain, and the mean AOFAS score was improved significantly from 34.6 ± 6.8 to 66.4 ± 4.5 (P = .032).
Discussion
Ankle fusion is difficult to achieve in the diabetic Charcot ankle because of the poor quality of the bone and the inability to achieve a stable biomechanical construct. The ankle joint is the second most common location requiring operative intervention for patients with Charcot arthropathy as ankle involvement is most likely to lead to progressive deformity and is unlikely to respond to nonoperative management. 1, 26, 34, 35 Brodsky 2 described 5 different anatomical areas of Charcot affection of the foot and ankle (midfoot, hindfoot, ankle or calcaneus involvement, multiple regions involved, and forefoot). Our study focused on diabetic Charcot deformity affecting the ankle (Brodsky type 3a). We excluded cases with a combination of 2 or more regions of the previously mentioned classification. This patient population with Brodsky type 3a was at high risk of complications and nonunion, so we advised for ankle fusion using a combination of internal fixation in the form of IM nail and Ilizarov external fixation (hybrid fixation).
Some studies using retrograde IM nail either singly or in combination with external fixator refer to the fusion as tibiotalocalcaneal fusion, 18, 27, 29, 32 while others describe it as ankle fusion. 9, 10, 30, 31 Although it may sound more logical to call it tibiotalocalcaneal fusion as the subtalar joint was already in the middle of the fixation process, we preferred to call it ankle fusion as the fusion of the subtalar joint was not our main target and our patient population (Brodsky type 3a) had an unstable ankle without subtalar involvement. Moreover, if we included the affection of the subtalar joint in our patient population, this would have extended the inclusion to the talonavicular and calcaneocuboid joints as well (Brodsky type 2). Inclusion of the previous joints (ankle, subtalar, talonavicular, and calcaneocuboid) would come under Brodsky type 4 (combination type), and this would necessitate different management by fixation of the midfoot to the tibia. In addition, no preparation of the subtalar joint was performed in our series. This was in agreement with the operative technique of other reports using retrograde IM nail for ankle fusion. 30, 31 Retrograde IM nails and ring external fixators are 2 of the most common fixation techniques used in arthrodesis of the ankle in Charcot arthropathy. Several studies regarding the use of internal or external fixation alone have been reported, 3, 4, 9, 10, 15, 22, 30, 31 but only a few articles have evaluated the use of combined internal and external fixation for Charcot ankle deformity. 10, 20, 37 One study reported the use of combined internal and external fixation for revision of TTC fusion in 6 patients with Charcot ankle deformity, in whom 1 patient required transtibial amputation for deep infection. 37 Another study used hybrid fixation by IM nail and ring external fixator for 7 patients with Charcot ankle deformity. Two of their patients required amputation and 4 had hardware failure. 10 A third study reported using hybrid fixation by locking plate and an external ring fixation for 6 patients with diabetic Charcot ankle; 2 of their patients required belowknee amputation for extensive osteomyelitis. 20 In our series that included 24 patients, we achieved clinical and radiographic ankle fusion in 22 patients through using combined retrograde IM nail locked only proximally and Ilizarov external fixation. Our clinical and radiographic fusion was not confirmed by computed tomography (CT). Two patients developed collapse of the talus with a subsequent stable nonunion resulting in plantar protrusion of the nail and development of plantar ulcers that healed after removal of the IM nail. Those 2 patients required ankle foot orthoses for their mobilization thereafter. None of our patients required amputation. None of the patients included in the study experienced ankle pain, and the mean AOFAS score was significantly improved from 34.6 ± 6.8 to 66.4 ± 4.5 at the last follow-up. Eight patients developed pin tract infection. This rate of infection is consistent with published reports of pin tract infection. 20 The advantages of the hybrid fixation used in our series include the following: (1) The use of retrograde nail without distal locking allowed the Ilizarov external fixator to apply continuous guided compression whenever needed, thus giving better compression than IM nails locked proximally and distally. (2) Using the small tensioned wires of the Ilizarov fixator in the weak osteopenic calcaneus of patients with Charcot ankle deformity was safer and provided more convenient distal fixation than using a large distal locking screw as the latter may lead to a larger stress riser and fracture of the weak bone. (3) The retrograde nail also continued to provide resistance to shear forces once there was reasonable union and the external frame was removed. (4) Some patients with large body masses have been reported to be incapable of staying nonweightbearing, 30 but application of the Ilizarov external fixator protected the arthrodesis site and forced all the patients to remain nonweightbearing until after consolidation and frame removal.
The assessment of radiographic ankle fusion based only on plain radiographs has been questioned in the literature. 21 It was thought that plain radiographs alone are not an accurate method for assessing ankle fusion. 8, 21, [23] [24] [25] 28 In addition, many reports did not define certain criteria for sound fusion based on plain radiographs and that the typical method for describing the outcome was loose by just stating it is either successful fusion or pseudoarthrosis. 8 Based on plain radiographs, some reports described sound fusion as osseous trabeculae crossing the arthrodesis site. 11, 13, 14, 16, 33 CT has been described as being instrumental in determining the adequacy of arthrodesis in the foot and ankle. 5 An earlier report was not certain what percentage of radiographic fusion defines a successful arthrodesis. 8 A later report correlated the degree of fusion identified on CT scan with the functional outcome and found that an arthrodesis area of 25% to 50% was necessary for clinical success. 5 The same study found no statistically significant interrater reliability for the evaluation of ankle fusion by CT scan in contrast to subtalar fusion, which had a high interrater reliability. 5 In our series, we did not use CT scan to assess ankle fusion. We depended on clinical and plain radiographic evaluation to assess the union. Nonetheless, it has been reported that many nonunions are asymptomatic, and a fibrous union may have good stability.
14 Moreover, the cost of serial CT scans to assess the fusion in every patient has been questioned as well. 8 Although the number of our patients is small, we think that the results of using a combined IM nail locked only proximally and applying compression by Ilizarov frame is a valid option for management of such a complicated cohort of patients. The fusion rate and the fact that none of our patients needed amputation at 3-year follow-up is promising for considering that this technique had a positive influence on the treatment of neuropathic patients undergoing ankle arthrodesis.
We do acknowledge some limitations of this study. The outcome of treatment was not compared with a control group as there was a practical difficulty in having such a group among this complex patient population. Sample size calculation was not done. Longer follow-up, larger number of patients, and/or multicenter controlled trial are also required to confirm these findings. Nevertheless, the results of this study could be used in the development of future prospective cohort studies and randomized controlled trials focusing on reconstruction of the Charcot ankle.
In conclusion, we report a successful outcome of ankle fusion using combined IM nail locked only proximally and ring external fixator (hybrid fixation) in patients with diabetic Charcot arthropathy.
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